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To ensure that we have an adequate but not over-
ly abundant or excessive supply of iron, humans 
have intricate systems that maintain iron homeo-
stasis, which is the body’s ability to regulate its 
inner environment for iron stability. Iron homeo-
stasis is influenced by the status of iron stores; 
hemoglobin levels; red blood cell production 
(erythropoiesis) and red cell destruction (hemoly-
sis); or inflammation (immune response).

In an iron disorder, one or more of these compo-
nents is out of balance.  Iron levels are generally 
determined by measuring hemoglobin (functional 
iron), transferrin-iron saturation percentage 
(TS%)—(iron in transport) and serum ferritin 
(SF)—iron in containment/storage. Therapy for 
any iron disorder and prediction of response to 
therapy often is based on these values, which 
must be interpreted carefully.  Take for example, 
iron deficiency anemia (IDA); in true IDA all of 
these levels will be low. Whereas, in anemia of 
chronic disease (anemia of inflammatory re-
sponse), the hemoglobin and TS% will be low, but 
the serum ferritin will be elevated. If only hemo-
globin is measured the two anemias look alike; 
one may benefit from iron supplements—whereas 
the other can result in harm if iron supplements 
are taken. 

Two substances are integral to the body’s natural 
iron regulating systems, hepcidin and ferroportin. 
Together they regulate the exit or outflow of iron 
through cells. Their activity influences various 
states of iron overload and anemia. 

Hepcidin was first described in 2000 and later 
given its name because of two characteristics: 
“hep” because it is produced in the liver (hepatic) 
and “cidin” because of its antimicrobial capabili-
ties. 

Hepcidin suppresses ferroportin. The function of 
ferroportin is to serve as a channel through which 

iron is transported across the cell membrane into 
plasma. Thus elevated hepcidin impedes iron 
transit. 
Imbalances of hepcidin and ferroportin increase 
the risk of disease. Elevated serum ferritin is a re-
sult rather than the cause of an imbalance.  Con-
ditions known to have such imbalances include:

     ● hemochromatosis (all known types); 
     ● thalassemia; 
     ● sickle cell disease; 
     ● iron deficiency anemia—a) acquired by diet   
        or blood loss and responsive to iron supple
        mentation or b) inherited where the response 
        to iron supplementation is poor—referred to 
        a refractory iron deficiency anemia (IRIDA); 
     ● viral hepatitis; 
     ● metabolic syndrome (possibly atherosclero-
        sis); and
     ● cancer  

Iron dysregulation may contribute to bad disease 
outcome in various cancers. In one US study 
investigators at Wake Forest University School of 
Medicine noted that ferroportin and hepcidin are 
expressed in breast tissue (epithelial cells). They 
examined more than 800 breast cancer tissue 
samples and reported that ferroportin is greatly 
reduced in breast cancer cells compared to non-
malignant breast tissue.  These investigators 
concluded that high ferroportin and low hepcidin 
gene expression in cancer cells may result in as 
much as a 90% chance of doubling survival from 
5 years to 10 years. 

Iron is also dysregulated in various endocrine 
(glandular) disorders. In a study conducted at 
one university hospital in Spain, hepcidin and 
ferroportin levels were measured in 34 women 
with polycystic ovarian syndrome (PCOS) and 
elevated androgen levels. The findings were 
compared to 30 women without elevated levels 
of androgen.  Investigators demonstrated that 



women with PCOS had decreased hepcidin and 
increased serum ferritin compared with women 
without PCOS. Furthermore, women with PCOS 
and infrequent or very light menstruation, (oli-
goamenorrhea) where less iron is lost through 
menstruation, showed decreased hepcidin levels 
with increased serum ferritin levels. 

This chart is for information purposes only and not meant to provide a 
diagnosis. 

 

Presently tests are available to detect hepcidin 
levels, but there is no economical way to test 
ferroportin levels. Besides, knowing these levels 
simply reveals a risk rather than provides a prog-
nosis. It seems more reasonable and cost effec-
tive for everyone to know his or her iron levels 
and aim to keep these levels in balance with diet, 
blood donation or iron replenishment when war-
ranted. 

Iron Disorders Institute nanograms: January 2011



References—abstracts, posters or articles: 

—Bachman E, Feng R, Travison T, Li M, Olbina 
G, Ostland V, Ulloor J, Zhang A, Basaria S, 
Ganz T, Westerman M, Bhasin S.Ganz T, 
Olbina G, Girelli D, Nemeth E, Westerman M. 
Immunoassay for human serum hepcidin. Blood 
2008 112(10):4292-7. 
—Camaschella C, Poggiali E. Towards explaining 
“unexplained  hyperferritinemia”. Haematologica 
2009;94:307-9.
—Christiansen H, Saile B, Hermann RM, Rave-
Fränk M, Hille A, Schmidberger H, Hess CF, 
Ramadori G.Increase of hepcidin plasma and 
urine levels is associated with acute proctitis 
and changes in hemoglobin levels in primary 
radiotherapy for prostate cancer.Journal of 
Cancer Research &  Clinical  Oncology. 2007 
133(5):297-304. 
—Fernandes A, Preza GC, Phung Y, De 
Domenico I, Kaplan J, Ganz T, Nemeth E.The 
molecular basis of hepcidin-resistant hereditary 
hemochromatosis. Blood. 2009 114(2):437-43. 
—Ganz T. Iron homeostasis: fitting the puzzle 
pieces together. Cell Metabolism. 2008 7(4):288-90.
—Kaplan J, Ward DM, De Domenico I. The 
molecular basis of iron overload disorders and 
iron-linked anemias. International Journal of 
Hematology 2011 93(1):14-20.
—Luque-Ramírez M, Alvarez-Blasco F, Alpañés 
M, Escobar-Morreale HF.Role of Decreased 
Circulating Hepcidin Concentrations in the 
Iron Excess of Women with the Polycystic 
OvarySyndrome. Journal of Clinical 
Endocrinology & Metabolism. 2011 96(3):846-52.
—Nemeth E, Ganz T.The role of hepcidin in iron 
metabolism. Acta Haematologica. 2009;122(2-
3):78-86.
—Nicolas G, Viatte L, Dennoun M,  et al.  2002. 
Hepcidin, a new iron regulatory peptide. Blood, 
Cells, Molecules and Diseases 29 1327-335.
—Nicolas G, Viatte L, Lou DQ, et al. 2003 
.Constitutive hepcidin expression prevents iron 
overload in a mouse model of hemochromatosis 
Nature Genetics 34:97-101.

—Pinnix ZK, Miller LD, Wang W, D’Agostino R 
Jr, Kute T, Willingham MC, Hatcher H, TesfayL, 
Sui G, Di X, Torti SV, Torti FM.Ferroportin and 
iron regulation in breast cancer progression 
and prognosis. Science  Translational Medicine 
2010;2(43):43ra56.
—Pogribny IP.Ferroportin and hepcidin: a new 
hope in diagnosis, prognosis, and therapy for 
breast cancer.Breast Cancer Research. 2010 
12(5):314. 
—Sham RL, Phatak PD, Nemeth E, Ganz T. 
Hereditary hemochromatosis due to resistance 
to hepcidin: high hepcidin concentrations in a 
family with C326S ferroportin mutation. Blood 
2009 114(2):493-4.
—Torti SV, Torti FM. Ironing out cancer. Cancer 
Research. 2011 71(5):1511-4.
—Valenti L, Dongiovanni P, Motta BM, Swinkels 
DW, Bonara P, Rametta R, Burdick L, Frugoni 
C, Fracanzani AL, Fargion S.Serum Hepcidin 
and Macrophage Iron Correlate With MCP-1 
Release and Vascular Damage in Patients With 
Metabolic Syndrome Alterations. Arteriosclerosis 
Thrombosis Vascular Biology 2011 (3):683-90. 
—Weinberg ED 1984.  Iron withholding: 
a defense against infection and neoplasia. 
Physiological Reviews 64:65-102.
—Young B, Zaritsky J. Hepcidin for Clinicians. 
Clinical  Journal of The American Society of 
Nephrology. 2009 Jun 25. 
—Ganz T, Olbina G, Girelli D, Nemeth E, 
Westerman M. Immunoassay for human serum 
hepcidin. Blood. 2008 112(10):4292-97.
—http://ghr.nlm.nih.gov/gene/HAMP
—http://ghr.nlm.nih.gov/condition/
hemochromatosis

Iron Disorders Institute nanograms: January 2011




